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a b s t r a c t
Bark extracts of Stryphnodendron adstringens (Mart.) Coville a Leguminosae species, well
known in Brazil as barbatimão, are popularly used as healing agent. The objective of this
work was to determine the genetic diversity of S. adstringens populations and to correlate
genetic distances to the production of tannins. S. adstringens accessions from populations
found in Cerrado regions in the states of Goiás, Minas Gerais and São Paulo were analyzed
using the AFLP (Ampliﬁed Fragment Length Polymorphism) technique. A total of 236
polymorphic bands were scored and higher proportion of genetic diversity was found inter
populations (70.9%), rather than intra populations (29.1%). FST value was found to be
signiﬁcantly greater than zero (0.2906), demonstrating the complex genetic structure of S.
adstringens populations. Accessions collected in Cristalina, GO, showed higher percentage
of polymorphic loci (87.3%) and the highest genetic diversity. The lowest genetic variability
was detected among accessions from the population growing in Caldas Novas, GO. The
genetic distance among populations was estimated using the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA), which grouped populations into 3 clusters.
Moreover, chemotypes with tannin concentration above 40% showed higher genetic
similarity. AFLP analysis proved to be an efﬁcient gene mapping technique to determine
the genetic diversity among remaining populations of S. adstringens. Obtained results may
be employed to implement further strategies for the conservation of this medicinal plant.
 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Stryphnodendron adstringens (Mart.) Coville, popularly known as barbatimão, exhibits scientiﬁcally validated anti-
inﬂammatory activity and has been considered economically important (Borges Filho and Felﬁli, 2003). The yield of
tannins detected in its inner bark extracts ranged from 25 to 39% (Corrêa, 2007). More recently, the use of S. adstringens for the
production of a phytopharmaceutical with healing property (Fitoscar) was reported (Minatel et al., 2010).
Barbatimão is dispersed throughout Brazil, but is under risk of extinction because it is endemic to the Cerrado one of the
most devastated biomes, considered as the Brazilian agricultural frontier, and also because this species has been exploited for
more than 100 years by the national leather industry (Rizzini and Mors, 1976). Within this context, it is primordial that the
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remaining S. adstringens populations be preserved as a renewable source of bioactives and conservation programs must be
developed in order to assure sustainable exploitation of that species.
Nowadays, one of the most efﬁcient tools for characterizing genetic material for conservation purposes is the AFLP
technique for DNA ﬁngerprinting, amethod that allows speciﬁc co-ampliﬁcation of high numbers of restriction fragments and
consequently the determination of genetic distances among individuals and characterization of the structure of natural
populations (Buttow et al., 2010; Franzon et al., 2010; Ma et al., 2010).
In this work, 12 natural populations of S. adstringens were analyzed by AFLP to investigate if there is any correlation
between genetic similarity of accessions and the production of tannins in order to add valuable information for the
conservation of this species.
2. Materials and methods
A total of 221 individuals of S. adstringens were collected from 12 different populations found in the states of São Paulo
(SP), Minas Gerais (MG), and Goiás (GO). The sites of collectionwere geo-referenced by using Global Positioning System (GPS).
The GPS TrackMaker 11.7 software (Ferreira, 2001) was used to calculate the geographic distances among populations.
Exsiccates of all accessions were prepared and deposited in the Herbarium of Medicinal Plants at the University of Ribeirão
Preto – UNAERP (Voucher numbers 272-718).
Young leaves were collected and frozen at 20 C. Following the protocol proposed by Doyle and Doyle (1987), 50 g of the
frozen material was used for isolation of genomic DNA. Although S. adstringens is known to be rich in polyphenols and
polysaccharides, that method yields DNA of quality and quantity enough for diversity analysis. Quantity was estimated by
spectrophotometry and quality was evaluated by 0.8% agarose gel electrophoresis in 1X TBE buffer.
Ampliﬁed fragment length analysis was carried out according to protocol proposed by Vos et al. (1995). Restriction
enzymes EcoRI andMse I (New England Biolabs, Ipswich, MA, USA) were used for double digestion of 200 ng of genomic DNA.
After obtaining the fragments, speciﬁc adapter proteins were attached to the ends of both enzymes and ligation reaction was
kept at 23 C for 3 h.
After restriction and ligation reactions, 50 ml of DNAwere pre-ampliﬁedwith primers containing one selective base, EcoRI-
A/MseI-A. The products of the selective pre-ampliﬁcation were used as template for the second reaction – the selective
ampliﬁcation, and initiators with 2 or 3 selective nucleotides were site-speciﬁcally attached to the 30-terminal of the primers
used. After selective ampliﬁcation, the result of each reaction was mixed with 8 ml of loading buffer (10 mL of deionized
formamide, 200 ml of 0.5 M EDTA, pH 8.0, 10 mg of bromophenol blue, and 10 mg of xylene cyanol). Subsequently, samples
were denatured at 95 C for 5 min and immediately transferred to ice. Several combinations were made and the three ones
showing the highest polymorphism were used in the experiments. All reactions involving AFLP analyses were carried out
using a thermocycler model PTC-100 (MJ Research Inc.). Ampliﬁcation products were separated in denaturing poly-
acrylamide gel (6%) with TBE 1X buffer at constant voltage of 80Wandmaximum temperature of 50 C during four hours. The
gel was stainedwith AgNO3 and visualized with Na2CO3 according to protocol described by Creste et al. (2001). The size of the
bands was determined by using a 50 bp molecular weight marker (Promega).
2.1. Tannin concentration
Aqueous extracts from each S. adstringens accessionwere prepared by decoction using 10 g of inner bark powder dissolved
in 100 mL of distilled water, boiled for 3 min, ﬁltered under vacuum and freeze dried.
Evaluation of tannin yield in each S. adstringens accession was performed following the modiﬁed colorimetric analysis
protocol described in the Brazilian Pharmacopoeia for assay of tannins (Brasil, 2010). Bark extract (0.75 g) was placed into
250 mL round-bottomed ﬂask containing 100 mL of distilled water and heated for 30 min at 90–100 C. After cooling in
running water, the content was transferred to 250 mL volumetric ﬂask and the volume was completed with distilled water.
After decantation, the solution was ﬁltered through ﬁlter paper and used in the analytical procedure.
2.2. Data analysis
Binary data obtained from AFLP were used to estimate allele frequencies and were submitted to analysis of molecular
variance (AMOVA) for decomposition of the total genetic variance between and within the populations, thus enabling the
Table 1
AFLP primers selected for molecular analysis of S. adstringens.
Combination of primers Total number of bands Polymorphic number of bands % Polymorphism
E-AGAþM-TC 128 122 95.3
E-AATþM-TC 74 70 94.6
E-AGTþM-TTC 53 45 84.9
Total 255 237 –
Mean 85 79 92.9
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evaluation of genetic variation and population structure, as proposed by Excofﬁer et al. (1992). Descriptive analysis parameters
of total variability were calculated considering the percentage of polymorphic loci and Nei’s diversity index (1978). Genetic
distances were used in UPGMA-type grouping analysis, showing the genetic divergence between the populations investigated.
Nei’s genetic distances were used to correlate tannin contents with genetic diversity and a dendrogramwas created from
a binary matrix. The samples were clustered according to yields of tannins independently of their places of origin.
The software packages POPGENE (Yeh et al., 1999), TFPGA (Miller, 1997), AMOVA-PREP 1,01 (Miller, 1998) andWINAMOVA
1.04 (Excofﬁer, 1992) were used to carry out the analysis.
3. Results
Selected primers produced 255 bands, the majority (92.9%) polymorphic. The minimum and maximum number of bands
per primer was 53 and 128, respectively (Table 1).
Intra-population genetic variability was higher (70.9%) compared to inter-population diversity (29.1%), with FST value ob-
tained (0.2906) indicates a highly signiﬁcant population structure (Table 2). The S. adstringens population from Cristalina
presented the highest percentage of polymorphic loci (87.3%), followed by that from Luislandia (45.8%). Reduced diversity was
observed in accessions collected in CaldasNovas (22.9%). Nei’s genetic distances (h) ranged from0.0825 to 0.3189 andShannon’s
index (I) ranged from 0.2417 to 0.4718. Regardless of the index used, accessions from Caldas Novas showed lower diversity
whereas those from Cristalina exhibited higher variability (Table 3). The correlation between both indexes was r ¼ 0.999.
The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) clustered the investigated populations into three
groups (Fig. 1). The spatial pattern determined by the Mantel matrix correlation coefﬁcient based on 1000 permutations was
0.33 (p ¼ 0.1899), indicating that there was no signiﬁcant correlation between geographic and genetic distances.
Genetic analysis demonstrated lower percentage of polymorphic loci (41.1%) in accessions with higher yields of tannins
and higher polymorphism compared to those with low or medium concentration of tannins (68% and 90.1%, respectively)
thus evidencing reduced genetic diversity among individuals presenting over 40% of tannin production (Table 4).
The genetic distance between accessions with high and low content of tannins was higher (0.0374) compared to distances
between S. adstringens populations with high and medium yields of tannins (0.9825). Genetic identity, however, was lower
(0.9633) between accessions with high and low tannin content (Table 5).
4. Discussion
From a genetic point of view, S. adstringens diversity had not been investigated so far and the data obtained in this work
showed low diversity among populations. The FST value (0.2906), as stated by Solé-Cava (2001), revealed that this species has
a complex genetic structure. According to Frankam et al. (2007), FST value greater than 0.15 is usually an indicative of
Table 2
Total genetic variance analysis (AMOVA) among and within populations of S. adstringens based on binary data obtained from AFLP results.
Source of variation DF SQ SQM Variance
components
% of total
variation
p FST statistics
Between populations 11 1252.56 113.87 5.65 29.06 <0.001 0.2906
Within populations 201 2775.19 13.80 13.80 70.94 – –
Total 212 4027.75
DF ¼ degrees of freedom; SQ ¼ sum of squares; SQM ¼ sum of mean squares; p ¼ level of signiﬁcance for estimation of genetic variation based on 1000
permutations. The analyses were performed by using the software AMOVA-PREP 1.01 (Miller, 1997) and WINAMOVA 1.04 (Excofﬁer, 1992).
Table 3
Basic descriptive statistics for AFLP analysis of S. adstringens populations.
Populations N A P H I
Botucatu 20 1.3597 35.97 0.1276 0.1893
Delﬁnópolis 20 1.3202 32.02 0.1121 0.1663
Caldas Novas 08 1.2292 22.92 0.0825 0.1219
Luislândia 13 1.4585 45.85 0.1624 0.2417
Cristalina 20 1.8735 87.35 0.3189 0.4718
Paranapanema 18 1.3597 35.97 0.1136 0.1717
São João da Aliança 20 1.3399 33.99 0.1073 0.1618
Campo Alegre 19 1.3518 35.18 0.1115 0.1694
Lagoa Formosa 19 1.3676 36.76 0.1092 0.1683
Sacramento 18 1.3202 32.02 0.0956 0.1458
Cristais Paulista 20 1.3399 33.99 0.1131 0.1687
Araxá 18 1.3281 32.81 0.1061 0.1605
Total 213
The mean sample size (N) number of observed alleles per locus (A), percentage of polymorphic loci (P), Nei’s (1978) gene diversity (H) and Shannon’s
information index (I). The parameters were calculated using the software POPGENE (Yeh et al., 1999).
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population fragmentation and the higher is this factor the lower is the ability of dispersion, increasing the probability of those
populations become endogamous. Those authors also reported that inbreeding and genetic diversity losses are inevitable in
small populations, reducing reproduction and survival rates at a short time. Moreover, endogamous populations reduce their
capacity of evolving in response to environmental changes at a long time, which increases the risk of extinction.
No correlation was observed between genetic and geographic distances, suggesting that the structure of S. adstringens
populations follows theWright’s islandmodel (Solé-Cava, 2001) and that differentiation among populations does not depend
on the distance separating them. According to Slatkin (1985), island-model populations may have been originated from
a unique population or from islands with no particular relation with spatial location.
The average gene ﬂow (Nm) for S. adstrigenswas 1.13, which is close to the limit value stated byWright (1931,1951), where
values below 1 indicate genetic isolation and those above that indicate no random loss of alleles in the populations. Pop-
ulations of other tree species endemic to the Cerrado regions presenting no such fragmentation (e.g. Caryocar brasiliense)
showed high gene ﬂow (Nm ¼ 5.16) and low diversity (FST ¼ 0.02) among their populations, suppressing the occurrence of
negative effects from the gene ﬂow (De Melo-Junior et al., 2004).
Genetic similarity was detected among accessions producing over 40% tannins and it was also observed that this group is
genetically more distant compared to those producing medium and low levels of tannins (Tables 4 and 5). This ﬁnding is
important because, according to Azis et al. (2006), the correlation between AFLP and production of secondary metabolite
allows elite populations to be selectively identiﬁed for genetic improvement of plant species.
Considering that the AFLP technique was an efﬁcient tool to determine the low genetic diversity of remaining populations
of S. adstringens, it would be of great importance to establish conservation strategies by using germplasm bank resources in
order to effectively minimize the imminent risk of extinction of this endangered species.
Fig. 1. UPGMA based dendrograms showing genetic relationship among S. adstringens populations.
Table 4
Basic descriptive statistics of S. adstringens groups using AFLP data.
(%) Tannin yields P H I
High (41–60) 41.11 0.1463 0.2179
Low (0–20) 67.98 0.2127 0.3267
Medium (21–40) 90.12 0.2463 0.3895
P ¼ Percentage of polymorphic loci; H ¼ Nei’s gene diversity; I ¼ Shannon’s information index. Results obtained by using the software POPGENE (Yeh et al.,
1999).
Table 5
Genetic distance between groups (below diagonal) and genetic identity (above diagonal) measured using the Nei’s standard method (1978).
Tannin yields High Low Medium
High *** 0.9633 0.9813
Low 0.0374 *** 0.9825
Medium 0.0189 0.0176 ***
Data obtained with TFPGA software (Miller, 1997).
P.C. de Mendonça et al. / Biochemical Systematics and Ecology 41 (2012) 16–20 19
References
Azis, N., Sauve, R.J., Long, D., Cherry, M., 2006. Genetic and Phytochemical diversity assessment among eleven Hypericum accessions via AFLP and HPLC
analyses. J. Herbs, Spices Med. Plants 12 (1/2), 97–105.
Borges Filho, H.C., Felﬁli, J.M., 2003. Avaliação dos níveis de extrativismo da casca de Barbatimão [Stryphnodendron adstringens (Mart.) Coville] no Distrito
Federal, Brasil, vol. 27. R. Árvore, Viçosa-MG, n. 5, pp.735–745.
Buttow, M.V., Castro, C.M., Schwartz, E., Tonietto, A., Barbieri, R.L., 2010. Caracterização molecular de populações de Butia capitata (Arecaceae) do Sul do
Brasil através de marcadores AFLP. Rev. Bras. Frutic. 32 (1), 230–239.
Brasil, 2010. Ministério da Saúde. Agência Nacional de Vigilância Sanitária. RESOLUÇÃO RDC 49, de 23 de novembro de 2010. Aprova a Farmacopeia
Brasileira, 5a edição. Diário Oﬁcial da União, Brasília, DF, 24 nov.
Creste, S., Tulmann Neto, A., Figueira, A., 2001. Detection of single sequence repeat polymorphisms in denaturing polyacrylamide sequencing gels by silver
staining. Plant Mol. Biol. Rep. 19, 299–306.
Corrêa, V.S.C., 2007. Conservação de Stryphnodendron adstringens (MART.) Coville em banco ativo de germoplasma e avaliação do potencial antifúngico
frente ao dermatóﬁto Trithophyton rubrum. Ribeirão Preto: UNAERP, (Dissertação de mestrado em Biotecnologia).
De Melo-Junior, A.F., De Carvalho, D., Póvoa, J.S.R., Bearzoti, E., 2004. Estrutura genética de populações naturais de pequizeiro (Caryocar braliense Camb.).
Scientia Forestalis 66, 56–65.
Doyle, J.J., Doyle, J.L., 1987. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochem. Bull. 19, 11–15.
Excofﬁer, L., Smouse, P.E., Quattro, J.M., 1992. Analysis of molecular variance inferred from metric distances among DNA haplotypes: application to human
mitochondrial DNA restriction data. Genetics 131, 479–491.
Excofﬁer, L., 1992. WINAMOVA 1.04: Analysis of Molecular Variance. http://www.tiem.utk.edu/wgross/WWW_pt2d.html (February 10, 2005).
Ferreira Jr., O., 2001. GPS TrackMaker for Windows v. 11.7. http://www.gpstm.com.br (February 10, 2005).
Frankam, R., Ballou, J.D., Brioscoe, D.A., 2007. A Primer Conservation Genetics, Cambridge, 220 pp.
Franzon, R.C., Castro, C.M., Raseira, M.C.B., 2010. Variabilidade genética em populações de pitangueira oriundas de autopolinização e polinização livre,
acessada por AFLP. Rev. Bras. Frutic. 32 (1), 240–250.
Ma, J.X., Li, Y.N., Vogl, C., Ehrendorfer, F., Guo, Y.P., 2010. Allopolyploid speciation and ongoing backcrossing between diploid progenitor and tetraploid
progeny lineages in the Achillea millefolium species complex: analyses of single-copy nuclear genes and genomic AFLP. BMC Evol. Biol. 10, 100.
Miller, M.P., 1997. TFPGA 1.03: Tools for Populations Genetic Analyses. http://www.marksgeneticsoftwear.net/tfpga.htm (February 22, 2005).
Miller, M.P., 1998. AMOVA-PREP 1.01: a Program for the Preparation of AMOVA Input from Dominant-marker of Raw Data. http://www.
marksgeneticsoftwear.net/amovaprep.htm (February 2, 2005).
Minatel, D.G., Pereira, A.M.S., Chiaratti, T.M., Pasqualin, L., Oliveira, J.C.N., Couto, L.B., Lia, R.C.C., Cintra, J.M., Bezzon, M.F.A., Franca, S.C., 2010. Clinical study
for the validation of the efﬁcacy of ointment containing barbatimao (Stryphnodendron adstringens (Mart.) Coville)* on healing of decubitus ulcers. RBM
Rev. Bras. Med. 67 (7).
Nei, M., 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals. Genetics 89, 583–590.
Rizzini, C.T., Mors, W.B., 1976. Botânica econômica brasileira. EPU. USP, São Paulo, p. 207.
Slatkin, M., 1985. Gene ﬂow in natural populations. Annu. Rev. Ecol. Systemat. 16, 393–430.
Solé-Cava, A.M., 2001. Biodiversidade molecular e genética da conservação. In: Matioli, S.R. (Ed.), Biologia Molecular e Evolução. Holos Press, Ribeirão Preto,
pp. 172–192.
Vos, P., Hogers, R., Bleeker, M., Reijans, M., Van De Lee, T., Hornes, M., Frijters, A., Pot, J., Peleman, J., Kuiper, M., Zabeau, M., 1995. AFLP: a new technique for
DNA ﬁngerprinting. Nucleic Acids Res. 23, 4407–4414.
Wright, S., 1931. Evolution in Mendelian populations. Genetics 16, 97–159.
Wright, S., 1951. The genetical structure of population. Annals Eugenics 15, 395–420.
Yeh, F.C., Yang, R., Boyle, T., 1999. POPGENE 1.32: Population Genetic Analysis. ftp://ftp.microsoft.com/Softlib/MSLFILES/HPGL.EXE (February 2, 2002).
P.C. de Mendonça et al. / Biochemical Systematics and Ecology 41 (2012) 16–2020
